Bibliothek verzeichnet diese Publikation in der deutschen Nationalbibliografi e; detaillierte bibliografi sche Daten sind im Internet über: http://dnb.d-nb.de abrufb ar.
Introduction
Europe's ongoing economic crisis has taken a heavy toll on the automobile industry. In the first half of 2013, the demand for new passenger cars in the European Union (EU) tumbled by 6.6%
from a year earlier to 6.2 million new passenger vehicles (ACEA 2013) . This drop marked the continuation of a downward trend that began in 2007, when annual sales peaked at nearly 16 million vehicles (Jolly 2013) . With prospects for a quick recovery bleak, auto manufacturers are shifting attention to the second-hand market, using leasing options and fast track loans to attract buyers who could otherwise not afford the models on offer. This shift in marketing is particularly evident in Germany, where used car sales climbed by over 14% between 2009 and 2012, reaching a volume just over double that of new car sales (Kraftfahrt-Bundesamt 2013) .
In this context, identifying the determinants of prices for new and used cars assumes increasing relevance, both from a business and from a policy perspective. For auto manufacturers, the effects of brand or model name and technical characteristics are especially important since the ability of brands to maintain their residual values in the second-hand market has an immediate bearing on the choices of car purchasers in the primary market. For policy makers, a key question regards the contribution of fuel economy to the car price given the European Union's current legislation mandating increased efficiency of new cars as a means to reduce CO 2 in the transport sector (Frondel et al. 2011) . To the extent that car purchasers are turning increasingly to the secondary market, the effectiveness of this legislation, which does not apply to used cars, may be undermined.
Cross-cutting these issues is the more basic question of how equity is transmitted between the new and used car markets. In the case of the used car market, if fixed depreciation rates based only on age (and sometimes also mileage) are assumed, as in Feng, Fullerton, and Gan (2013) and many other similar models, this implies that the difference in resale values of two different cars of the same age and wear depends solely on the difference of their retail prices, an assumption that has largely escaped empirical scrutiny.
Indeed, despite the existence of a large body of literature addressing the determinants of car prices, little work has been done that simultaneously analyzes how price formation differs in the new and used car markets or how brand equity is carried over between them. The aim of the present paper is to address these issues by drawing on data from the German market in 2008 that includes the prices of both new and used cars as well as their key attributes, including age, mileage, and technical features. Specifically, we employ a hedonic price regression, which models products as multidimensional packages of characteristics based on observable market prices (Rosen 1974) . The paper thereby builds on a long line of studies (e.g. Griliches 1971; Cowling & Cubbin 1972; Murray & Sarantis 1999 ) that have used the hedonic method to model car prices.
The majority of these studies focuses on prices in the new car market (e.g. Rosen 1974; Ohta & Griliches 1976; Uri 1988; Andersson 2005; Baltas & Saridakis 2010) , with a smaller number addressing used cars (e.g. Goodman 1983; Matt et al. 2008) . This paper couples these foci and pursues two primary aims: First, with reference to the new car market, we explore the extent to which our results are consistent with those of Baltas and Saridakis (2010) in their study of the Greek car market, focusing particularly on the influence of branding. Second, we expand the model to capture the determinants of price formation in the used car market. To this end, the model is specified to allow for differential effects of the vehicle attributes on price according to whether the car is new or used. We can thereby formally test the hypothesis that the consumer valuation of attributes such as fuel efficiency and brand is the same in the new and used car markets. Moreover, the model controls for the effect of the retail price when modeling the price of the vehicle in the second hand market. In doing so, we show that the explanatory variables can be interpreted in terms of their influence on maintaining the vehicle's value following its shift into the secondary market. Finally, by including dummies for sub-models in the specification, we test the hypothesis that consumers differentiate beyond the level of the car model. The remainder of the paper is structured as follows. The next section presents the empirical methodology followed by a presentation of the data in the third section. The fourth section catalogues and interprets the results. The final section concludes.
Methodology
As summarized in the papers of Aaker (1996) and Keller and Lehmann (2014) , the growing importance of branding as a management objective has encouraged the development of various techniques to measure brand equity. Aaker (1996) proposes a set of ten measures that can be referenced for tracking how a brand can be differentiated from its competitors, one of which is the price premium. Our empirical approach focuses on this measure and tracts closely along the lines of a recent paper by Baltas & Saridakis (2010) , who analyze the list pricing of new cars from the Greek market in a hedonic regression model that includes technical characteristics as well as dummy variables indicating each brand (we henceforth call this paper B&S to ease reading). The included dummies comprise both pure brand (e.g. "Mercedes") and model (e.g. "E-class") effects. So specified, the model allows for the estimation of the price premium of each brand, which, as Aaker (1996: 107) has noted, "may be the best single measure of brand equity available" given that virtually any determinant of brand equity is also a determinant of the price premium.
The results of B&S indicate a strong influence of model-wise brand equity on retail prices, a finding that they conclude should be further explored in a comparable analysis of the secondhand market. We take up this lead by estimating a model of a log-transformed price as the dependent variable and a virtually identical suite of untransformed explanatory variables as used by B&S:
(see Ohta (1976) for details of this specification and Triplett (2004) for an excellent overview of the hedonic method more generally). This yields a simple log-linear hedonic pricing model, indicating the effects of the predictors on the relative resale price.
Analogous to B&S, our predictors, , include technical characteristics of the car as well as brand and model dummies.
The present analysis diverges from that of B&S by virtue of a dataset that includes observations on both new and used cars, thereby affording an opportunity to identify differences in the effects of the explanatory variables between the primary and secondary market. The data is stacked into two sets of observations, with one set corresponding to the new cars and the other to the used cars. The dependent variable, , consequently corresponds to either the retail price or the used car price depending on whether the observation is a new or used car. Both sets of data have the same variables measuring the technical attributes of the car, but the used car observations have three additional variables measuring the age of the car, its mileage, and its price as a new car.
The values for these variables are set to zero for observations corresponding to the new cars by interacting them with a dummy variable, Used, which equals one if the observation corresponds to a used car and zero otherwise. We also interact this dummy with the technical attributes. From this data set, two principle models are specified, the first of which is:
(1)
where is a vector of variables comprising speed, engine capacity, horse power and fuel consumption. The coefficients generated from Model 1 are identical to those that would be generated were we to split the data and estimate two separate models on new and used car prices.
The advantage of pooling is that we can readily conduct hypothesis tests of whether the technical attributes have the same impact across new-and used cars by testing for the statistical significance of the interaction effect . The null hypothesis is that there are no such differences,
In a subsequent step, we split the data and estimate two separate models on new and used car prices, labeled as Model 1a and 1b, respectively. While these models are computationally equivalent to Model 1, estimating them separately facilitates comparison with the final model presented, Model 2. Like Model 1b, Model 2 is limited to the sample of used cars but is distinguished by the inclusion of the retail price (Retail pr) as a regressor:
(2)
The inclusion of the retail price imparts an important distinction in the interpretation of the coefficients. If not included, as in Model 1b, the coefficient estimates indicate the direct value of the car's characteristics and brand assuming that these features have no bearing on the depreciation of the car. Conversely, if the retail price is included as a regressor, the coefficient estimates on the technical attributes instead indicate the extent to which these attributes maintain the value on the initial investment.
This distinction can be best understood in the following rearrangement of Equation (2): ( 3) where the vector includes all the aforementioned explanatory variables except the retail price, denotes the transpose of vector , and is a parameter vector. The left hand side of equation (3), containing the ratio of the used car price to the retail price, can be interpreted as a measure of the used car's value retention. Alternatively put, the coefficients can be interpreted as measuring the effect of the explanatory variables in maintaining the car's value in the used car market, with positive values indicating that the variable reduces depreciation and negative values indicating that the variable increases it.
Including the retail price as a regressor in Model 2 gives rise to the following null hypothesis: To the extent that the retail price incorporates all the facets of automobile quality, which is a basic premise of hedonic price analysis, its inclusion in a regression on the used car price should render the effects of the other technical attributes in the regression statistically insignificant. Was this not the case, it would suggest that the relative impact of the statistically significant attributes on the car's value changes when the car moves from the primary to the second-hand market.
Data
We gathered the data on new and used cars ("ADAC Autokosten") from the German automobile club ADAC for the year 2008. ADAC draws on data from the German automobile trust (DAT), a well-renowned source for used car market prices. These prices can be understood as the German equivalent to the widely referenced "Blue Book" or "Red Book" values, which have served as the basis for many analyses of the used car market in the US (Wykoff 1970; Wykoff 1973; Goodman 1983; Buehler 2010) . A detailed explanation (ADAC Fahrzeugtechnik 2013) explains how these second-hand values are generated based on observed market prices, equipment levels and model generations.
To extract the data from the ADAC databank, we developed a script that browses by mouse 293 different car models in different body types, 8 age categories and 34 mileage categories and stored the information in a separate database. This resulted in a cross-sectional dataset that contains a total of 365,704 observations on used cars and 5,378 observations on new cars from 2008, yielding comprehensive and balanced coverage of each market. While this approach has some expenses in terms of time and programming effort, it is a promising source of large-scale and high-quality data at low monetary expenses, which are often burdensome in this field. It is also noted that the inclusion of the retail price as a regressor in the model of the used car price (Model 2) is likely to pick up some of the influence of unobserved features. We therefore opted to exclude the dummies to maintain comparability with B&S, who also did not use such dummies. we calculated the condition number, a diagnostic tool suggested by Belsley, Kuh, and Welsch (1980) . This measure indicates how close a data matrix X is to being singular, whereby a higher value indicates a greater likelihood of multicollinearity problems. The calculated condition number here is 22.4, well below the threshold of 30 suggested by Belsley, Kuh, and Welsch (1980) to warrant concerns about multicollinearity.
Turning to the coefficient estimates presented in Table 2 , we see that with the exception of speed, the new car coefficients on the technical attributes -engine capacity, horsepower, and fuel consumption -track closely in magnitude with those of B&S. That our estimate for speed, at 0.0007, is only about a third of the magnitude suggests that this feature is valued more highly in the Greek than in the German market, possibly reflecting the more limited heterogeneity of top speed among cars in Germany.
With respect to the question of value retention, the controls for the age and mileage of used cars in Model 1 both have the expected signs and are statistically significant. Each additional year decreases the price of the used car by 7.4%, while each 1,000 kilometers driven decreases its price by 0.3%. The used car dummy indicates that used cars are, on average 7.3% (e -0.0762 -1), cheaper than new cars. Nevertheless, this attribute does not significantly alter the effect of most of the technical attributes in the model. Specifically, the effects of speed, engine capacity and horsepower on the car price are roughly the same in the secondary and primary markets, as is evidenced by the small magnitudes and statistical insignificance of the interaction effects. The one discrepancy is seen for the variable fuel consumption. While the coefficient on this variable for the case of new cars is similar to B&S, the estimate of the interaction effect indicates a stronger effect of fuel consumption on the used car price. Specifically, the estimates suggest that a unit increase in fuel consumption reduces the used car price by about 6%, compared with a reduction of 2.3% in the new car market. Indeed, this is the only coefficient in Model 1 whose magnitude varies significantly between the new and used car markets, suggesting that the relative willingness to pay for fuel efficiency is higher in the secondary car market than in the primary market. Having examined how the effects of technical attributes on price formation vary between the primary and secondary car markets, we now focus on the latter market, and specifically on the question of the extent to which these attributes bear on the value retention of the car. To this end, Table 3 presents three hedonic regressions of the car price. The first two columns present estimates from separating the data by new and used cars, thereby replicating the estimates produced from Model 1 using the interaction terms. The final model in Table 3 , Model 2, is limited to used cars and distinguished by the inclusion of the logged retail price as a control variable. In interpreting the magnitude of this estimate, a useful reference point is a coefficient one, which would be indicative of a proportional transfer in value from the primary to the secondary car market. The obtained estimate is around 1.199, which a t-test (not presented) reveals to be significantly higher than one. This suggests that increases in the retail price disproportionately increase the residual value: a 10% higher retail price, for example, leads to a roughly 12% higher used car resale price. One possible explanation is that better-equipped cars keep more of their value (for example, air conditioning can be a must-have feature to maintain high residual values). (Table 3A) .
Beyond slightly improving the explained variance of the model, with an R 2 reaching 0.97, the inclusion of the retail price in Model 2 confirms the hypothesis that some, though not all, of the technical attributes are rendered statistically insignificant. The estimates for speed and engine capacity, for example, are statistically indistinguishable from zero, and the estimate for horse power, which has an unexpected negative sign and is statistically significant, has a magnitude very close to zero. The only coefficient to retain a sizeable magnitude is fuel consumption, albeit reduced by almost half relative to Model 1b. Specifically, evaluated at the means of the sample, the estimates from Model 1a and 1b suggest that the hedonic price of one liter less of fuel consumption per 100km is approximately 579 € for new cars and 813 € for used ones (calculated from the difference in predictions between a car with the mean values from Table 1 and a car with one liter less of fuel consumption). When controlling for the retail price in Model 2, the value ascribed to saving a liter of fuel consumption per 100km is still around 623 €, underlining the high valuation of this attribute in the used car market.
One way to further assess the value of fuel efficiency is to calculate the break-even distance after which the investment in efficiency is paid off. This calculation has the advantage of being Table 3 and presents the retail prices and coefficient estimates for those cars present in both B&S and our data, with the Volkswagen Golf as the reference category. Although our specification differentiates not only the official model names (like BMW 5) but also their sub-models, a comparison between the coefficient estimates for the new car markets with those of B&S shows a tight correspondence. With few exceptions, the coefficients have the same sign and are of a similar magnitude. Furthermore, the price premium for each model is similar between the new and the used car markets when not controlling for the retail price: The mean absolute difference in the premium is about 16 percentage points.
The inclusion of the retail price in Model 2 completely alters this pattern, increasing the equity of some car models relative to Model 1 and decreasing it for others. The mean absolute difference in the price premium between Model 1 and 2 jumps to about 44 percentage points. This "value conservation" perspective reveals the fact that the investment in some cars depreciates more than in others. Intuitively, one would expect the value conservation to be weaker for luxury cars, for which the market is generally smaller while the total investment sums are very high. Two car models that confirm this expectation are the BMW 6 Cabrio and the Mercedes CL Coupe, whose coefficients decrease by over 100% when controlling for the retail price.
Not all luxury cars, however, display this pattern. For example, the difference between Mercedes S and VW Phaeton, which are both from the same luxury segment, underlines the dependency of value conservation on a more general brand image within the segment. Both show new-car coefficients of about 0.8, but their used car coefficients in Model 1b differ. While the VW Phaeton drops to 0.6, the Mercedes S is seen to hold its value as a used car with a coefficient that remains at about 0.8. This is also reflected in the value conservation perspective in Model 2: the Mercedes S maintains a much higher coefficient than the VW Phaeton, though both lose value relative to the Volkswagen Golf. That said, some very expensive luxury cars like the Mercedes G SUV actually obtain a positive coefficient relative to the Golf despite controlling for their high retail price. These patterns highlight that blanket statements concerning the consumer valuation of particular brands and segments are unwarranted.
The same observation applies to sub-models (body types). The coefficient differences between multiple body types of the same car model support the hypothesis that the consumer distinguishes the valuation of used cars not only by technical attributes and models, but even further between the different sub-models. As B&S state, the aim of sub-branding -even in the third order presented here -is to target different segments of customers. One can easily imagine the different needs of people buying a sedan compared to those buying a convertible of the same car model. In this regard, an interesting pattern is revealed by the coefficient differences between sedan and estate body types on the used car market, which are larger than for the new car versions of these body types. For example, a new Mercedes C estate is (ceteris paribus) 46% ( ) more expensive than the reference VW Golf, while the corresponding new sedan shows a price premium of 38% ( ), resulting in an 8 percentage point difference between sedan and estate. This difference for the respective used cars increases to 12 percentage points ( ). The used estate versions of BMW 3 and 5, Mercedes C and E, Peugeot 407, Toyota Avensis and VW Passat all show a higher difference in terms of price premium to their sedan counterparts than on the new car market. In fact, almost all estates outperform the respective sedans in maintaining their value (except BMW 3, where the difference is close to zero). We can conclude that used car buyers apparently value estates more than new car buyers do, suggesting a difference between the two types of customers. There are four main findings:
1. The impacts of technical features on the car price do not vary substantially between the primary and the secondary car markets, conditional on the retail price not being included as a control variable. The one exception is the coefficient on fuel consumption. This variable is higher in magnitude in the secondary market than in the primary market. We conclude that second-hand buyers place more importance on low fuel consumption than new car buyers.
2. When the retail price is included in the model, the effects of the technical attributes on the used car price are substantially reduced, in most cases approaching zero and/or statistical insignificance, suggesting they have no bearing on the value retention of the car.
Again, the central exception is fuel consumption, whose impact continues to be higher in the secondary than in the primary market. Also, the brand equity coefficients reveal a large heterogeneity in value retention between different brand and model names.
Differences in resale values of two cars of the same age and mileage thus do not solely depend on the difference in their retail prices; fuel consumption, brand name, and model name also matter.
3. The retail price itself has a coefficient of around 1.2, suggesting that on average a 10% increase in the retail price yields a disproportionate 12% increase in the used car price.
4. Across both the new and used car markets, brand equity is not only reflected on the car model level, but even further by the body type sub-versions of that model.
Taken together, these findings point to the importance of a careful and detailed formulation of car depreciation. From a marketing perspective, we confirm the evidence presented by (Baltas & Saridakis 2010) in support of brand-name premia that derive from model brand equity in the new car market, and additionally show this effect to hold for the secondary market. Our results additionally suggest that fleet managers not underestimate the strong effect of fuel consumption on the resale price of their cars at the end of the first holding period. This effect is stronger in the used car market than in the one for new cars. Hence, fuel efficiency is not perfectly reflected in the retail price and a new car buyer can gain resale value by choosing a more efficient model.
From a policy perspective, the high and significant effect of fuel consumption should provide some reassurance to policy makers concerned with climate protection in the transport sector.
Specifically, our results indicate that consumers place a high value on this feature even in the secondary market, which is out of reach of the strict efficiency improvements enacted in 2009 that target the new car market.
